This descriptive content analysis study was carried out to review students and pre-service teachers ' mental model of chemistry concepts. This study was motivated by difficulties experienced by students and teachers in the process of learning chemistry. This study put on criteria with specific keyword about a mental model in chemistry concepts and a period of 2009 till 2019 which relevant databases yielded a total of 66 articles. This study covers 41 qualitative studies, 18 quantitative studies, and this remains mix method studies. Article ' s aspects focused on such parameters as aim, method, sample, data collection tool, data analysis, chemistry concept, mental model theory, and recommendation of studies. Using content analysis, as a result was known that most studies used qualitative methods with a variety of data collection tools and data analysis techniques. Moreover, these mental models studies were mostly involved students who learned inorganic chemistry. General conclusions from this study in the importance form of the mental model exploration to master the chemistry concepts and this is intended to improve the chemistry learning process. This research also implies to do good innovative changes in various aspects to improve their scientific mental model. These changes include to innovate classroom practices, further researches, curriculum policy, and learning media developer.
Introduction
Chemistry is an abstract and complex subject Johnstone [1] . The results of several studies showed that complex and abstract chemical facts make learning and teaching of chemistry difficult for students and teachers [2] [3] [4] , so Sirhan [5] stated that it is hard to understand the chemistry concepts.
Understanding the concept of chemistry can be realized through several representational abilities byKozma & Rusell [6] , which includes a) representing chemistry phenomena at various levels; b) predicting the nature of chemicals and their movement processes; c) identifying and analyzing representational features using words; d) distinguishing representations that can explain something in common but through different ways; e) connecting different representations to map features of one representation; f) understanding that the representation is in accordance with observed phenomenon; and g) using representations and features as evidence to support claims, draw conclusions, and make predictions related to observed phenomena. However, in fact, the result by [7, 8] indicated that not all of these abilities are owned by students, because mastery of chemical representations is not easy.
At present, Gilbert & Treagust[9] revealed that scientists emphasize the understanding of three levels in chemical representations, namely the macroscopic, symbolic, and submicroscopic levels. However, in reality, so far the process of learning chemistry has not been presented with all three levels of representation simultaneously, but only limited to the symbolic level, whereas macroscopic representations tend to be ignored [10, 11] .
Based on Jansoon, Coll, and Somsook [12] , understanding of the three levels of chemical representations is often known as a mental model. Grosslight, Unger, Jay, and Smith[13] added that all three are interrelated and reflect the development of the mental model. In general, the mental model is understood as structural, behavioral, or functional analogs of objects, processes, events, or real or imaginary situations. Gentner [14] expected mental models support understanding, reasoning, and prediction of situations in which they are involved from logical reasoning in everyday situations to solve some problems in the knowledge domain. Johnson-Laird [15] suggested a mental model theory that relies on three basic principles. First, each mental model represents what is common to a different set of possibilities. Second, mental model is icon, namely structure related to what they represent. Third, mental model based on descriptions represents what is right at the expense of what is wrong.
The development of students' mental model cannot be separated from the teachers' roles. As suggested by Nahum, Hofstein, Mamlok-Naaman, and Bar-Dov [16] , teachers must facilitate the development of students' mental model, while ensuring that students do not develop false mental models, so that students' understanding of the material concept can be improved. In addition, Bodner and Domin [17] said that it is necessary to develop students' mental models through experiences, interpretation, and explanations to make predictions, test new ideas, and solve problems in chemistry learning. Therefore, this research is needed to determine the extent of collaboration between teachers and students in developing mental models to solve chemical problems.
Objectives
This research aimed to thematically review the mental model study in chemistry concepts from 2009 to 2019. The following eight questions guided this research: 1. What were the aims of the mental model in chemistry concept studies? 2. What methods did these studies use? 3. Who were the samples involved in these studies? 4. What data collection tools did these studies use? 5. What data analysis techniques did these studies apply? 6. What chemistry concepts did these studies focus on? 7. Which mental model theories that are referred to in these studies? 8. Which recommendations did these studies offer?
Methods

The Research Design
Descriptive content analysis was done to find studies conducted on participants' mental model in chemistry concepts. This mental model explains how participants represent a chemistry concept, through verbal, drawings, diagrams, maps, and so on.
Data Collection
As the research aim was to review students and pre-service teachers' mental model of chemistry concepts, so this research used purposive sampling to find articles, there were 66 articles found. These articles were obtained through several databases like Research Gate, Google Scholar, Crossref, and Library Genesis with keywords of the mental model in chemistry, chemistry concept understanding, and chemical representation. The articles selected which discuss the mental models of participants about certain chemistry concepts in the range of articles published from 2009 to 2019. Initially, there were 100 articles that appeared in those databases with the keywords, but after being analyzed there were 34 articles that did not include the criteria.
Based on these reviews, the 66 obtained articles consisted of 41 qualitative studies, 18 quantitative studies, and 7 mixed-method studies. These participants involved in that studies were not only students but also pre-service teachers and teachers in chemistry and science field. The students include high school and university students.
Data Analysis
In this study, a literature review was carried out which contained conceptual and empirical literature approvals based on certain criteria. The review was conducted by studying using themes that appear in the articles analyzed. Like the previous content analysis studies conducted by [18, 19] .
Initially, great attention was given to the abstracts of each study in order to generate common themes in this research. After looking at the abstracts, then the most attention was paid to the results of each study. The results of the study was conceptualized, listed and grouped by themes to draw a general picture of what the current study says about the mental model in chemistry concept. The identified common themes were presented and discussed individually below.
Results
Result of Aim Theme
Frequencies of the aim theme via the codes are presented in Table 1 .
As presented in Table 1 , the aim theme consisted of five different codes. The first code, exploring the mental model profile of chemistry concept(s) has the highest number. Most of the research aims to describe how to represent a chemistry concept. They classified profiles of mental model based on the several experts' theory. The factors that contribute to mental model shaping were also examined as well. In the 14 studies, they explain argumentation skill, multiple representations competence, teaching strategy, and thinking ability factors were 3, 7, 1, and 3 respectively. It is true that mental model is closely related to misconceptions. Therefore, about three researches have been carried out to investigate the relationship between the misconception of the chemistry concept(s) and mental models. Unfortunately, there was still limited research that looks at the consistency mental model in chemistry. Case study 4
Interpretive study 4
Phenomenographic study 3
Content analysis 2
Cross-sectional study 2
Explorative study 2
Longitudinal study 1
Other (Qualitative, but the design is not specified) 19
Quantitative
Experimental 7 Quantitative descriptive 3 Survey 3
Other (Quantitative, but the design is not specified) 3
Mixedmethod
Explanatory Sequential 1
Other (Mixed-method, but the design is not specified) 6
R & D 1
Total 66
Result of0 Method Theme
Frequencies of the method theme via the codes are displayed in Table 2 .
Based on Table 2 , it can be seen at the end of the last ten years, the type of dominant mental model research carried out in a qualitative method. In this study, there were 42 qualitative studies analyzed. They were 5 descriptive studies, 4 case studies, 4 interpretive studies, 3 phenomenographic studies, 2 content analysis, 2 cross-sectional studies, 2 explorative studies, and one for a longitudinal study. Besides them, there were 19 qualitative designs not determined. Besides being used in qualitative method, descriptive studies can also be done through quantitative method. In this study there were 3 quantitative descriptive studies analyzed. In general, quantitative research on mental models which analyzed in this study used experimental methods were 7 studies. Furthermore, there were 3 quantitative mental model studies which not specifically mentioned about the design, 3 survey studies, and only one research and development study respectively. From a total of 66 mental model studies analyzed, there were only 6 mix-method studies with non-explicit designs and one explanatory sequential study.
Result of Sample Theme
Frequencies of the sample theme via the codes can be seen in Table 3 . As presented in Table 3 , frequencies of the sample theme in the mental model studies were 43 for students consisting university students, high school students, and middle school students were 17, 22, and 4 respectively. In addition, pre-service teachers were also involved in these mental model studies. There were 14 pre-service chemistry teachers and 5 pre-service science teachers. Other samples were 5 chemistry teachers, 2 textbooks, and data.
Result of Data Collection Tool Theme
Frequencies of the data collection tool theme via the codes are presented in Table 4 . As seen in Table 4 , the data collection tool theme consisted of fifteen different codes. They are 30 interview protocols, 23 open-ended question sets, 12 diagnostic tests, 10 questionnaires, 8 drawing tests, 6 sets of a multiple-choice question, 4 audio-video recordings, 3 for alternative summaries tools, rubrics, and textbook respectively. In addition, 2 worksheets and then only one for card, observation sheet, scale, and written text respectively.
Result of Data Analysis Theme
Frequencies of the data analysis theme via the codes are performed in Table 5 .
Based on Table 5 , it can be seen at the end of last ten years, the most of mental model studies used qualitative data analysis, where coding analysis is most widely conducted and subsequent descriptive analysis. In addition, another qualitative data analyzes used were 4 for content analysis, 3 for constant-comparative technique, 3 for inductive analysis, and 2 for phenomenographic analysis. Furthermore, there were quantitative data analysis techniques which include t-test, descriptive statistics, Wilcoxon test, ANOVA, and inferential statistics have 6, 4, 3, 2, and 2 respectively. And then, only one article which used ANCOVA, Fisher's exact test, Kruskal Wallis Test, LCA (Latent Class Analysis), MANOVA, Pearson correlation, Regression, and Two-tailed analysis. 
Result of Chemistry Concept Theme
Frequencies of the chemistry concept theme via the codes can be seen in Table 6 .
As displayed in Table 6 , the chemistry concept theme consisted of six different codes. They included 31 inorganic, 19 physical, 6 analytical, 5 organic, 3 environmental, and 2 basic chemistry concepts. Each code consists of more detailed chemistry concepts which can be seen in Table 6 . 
Result of Mental Model Theory Theme
Frequencies of the mental model theory theme via the codes are displayed in Table 7 .
Based on Table 7 , it can be seen that 7 of the mental model studies focused on Johnson-Laird [15] theory, whereas 3 of them concentrated on Grosslight, Unger, Jay, and Smith [13] and Johnstone [2] respectively. Also, there were mental model theory from [20] [21] [22] were 2, 2, and 2 respectively. In addition, respectively only 1 study that concerned on [23] [24] [25] [26] [27] [28] [29] [30] mental model theory. Furthermore, there were 27 other mental model theories used. (1983)  7 Grosslight, Unger, Jay, and Smith (1991) 3 Johnstone (1991) 3 Kozma and Russell (1997) 2 Park and Light (2009) 2 Sendur, Toprak, and Pekmez (2010) 2 Chittleborough (2004) 1 diSessa (2004) 1 Gilbert and Watts (1983) 1 Mayer (2003) 1 Park and White (2007) 1 Taber (1994) 1 Talanquer (2006) 1 Wang (2011) 1 Other 27 Not applicable 12
Result of Recommendation Theme
Frequencies of the recommendation theme via the codes can be seen in Table 8 . As presented in Table 8 , 27 of the mental model studies recommended doing innovative classroom practices whilst 19 of them suggested to do further researches and 4 studies implied to improve curriculum policy. Furthermore, there were 7 studies implied for practitioners.
Discussion
The results of our analysis are presented in this section which discusses the research questions that guide the study (see Table 1 ). Firstly, given the first research question of the mental model studies that the most aim code in studies analyzed is 'Explore the mental model profile of chemistry concept(s)'. This shows that many studies have explored the shape of participants' mental models in understanding chemistry concepts. This is in line with the Lin, Chiu, and Liang [31] which said that exploration of mental models is very important to do. During this time, various ways of exploring mental models in chemistry have been done, for example Park and Light [32] explored the troublesome nature of atomic structure from three students' perspective, drawing on their own experience and understanding of the concept. This exploration is conducted deeply through interviews. Mental models were classified based on scientific models and level of understanding. The result of this study showed that it turned out that many alternative models of atomic structure are owned by the three students. Hence, Park & White [32] described that how to teach and how to learn about chemistry concept is an important issue in chemistry education.
The second most aim code is 'Investigate the factors that contributed to mental model shaping'. Based on the results of these studies analyzed, they have found some factors that contribute in mental model shaping, such as argumentation skill [33] [34] [35] , multiple representation competences [36] [37] [38] [39] [40] [41] , teaching strategies by Kırık and Boz[42] , and thinking ability [43] [44] [45] . For argumentation skill factor, Calik and Kolomuc [33] suggested that combining different conceptual change methods such as argumentation with the teaching intervention could help students overcome alternative conceptions for chemistry concepts and that students were able to store their new knowledge in their long-term memories. This suggestion is line with the opinion from [46, 47] who stated that argumentation is a fundamental discourse of science, a part of the practice of science for developing, evaluating, and refining, scientific theories about the natural world. For multiple representation competences factor, Hilton and Nichols [38] presented that the development of an understanding of the form of individual multiple representation competences is an important step in helping chemistry students interpret them. Unfortunately, there were still many students who have low mastery of these competencies [36, 37, 39, 48, 49] . For teaching strategies factor, Kırık and Boz [42] summarized that contributing to the progress of science learning is difficult. Students-centered methods which provide students with the ability to construct their own knowledge require more efforts than teacher-centered methods. However, teaching strategies are actively involved in their learning process to promote meaningful learning and motivation. For thinking ability factor, Flavell [50] stated that an act of thinking about one's own mental process plays important role in reading and oral comprehension, writing, and problem solving in science. Furthermore, Wang, Haertel, and Walberg [51] described that thinking ability is the most powerful predictor of learning. As a result statements from [43] [44] [45] indicated the importance of thinking ability issues to students' knowledge organization and it influences the development of mental model. The next aim code is 'Investigate the relationship between misconception of the chemistry concept(s) and mental models'. It is undeniable that mental models are closely related to misconceptions, many studies linked both [52] [53] [54] . This is reinforced by the opinion of Griffiths and Preston [55] who claimed that students' misconceptions may result from formal instruction and the interaction between teachers and students. For instance, inappropriate teaching strategies and teachers' own misconceptions may result in students' misconceptions [56, 57] . In addition, researchers mentioned some problematic representations shown in textbooks. For instance, curriculum designers usually use concrete scientific models for explaining abstract concepts. The way they use may make students only learn the models we presented but not the concepts themselves [58, 59] . From these theories, it can be concluded that misconceptions are very impactful toward the mental model.
One difficulty in developing the mental model of a concept is mastery of that concept [12] [13] . Like the results of the research conducted by [60] [61] who stated that the students still have difficulty understanding chemistry concepts, even teachers had trouble specifying students' difficulties in understanding. From the analysis of these studies, the next aim code obtained is 'Investigate how chemistry concept(s) are related to difficulties in mental models'.
In addition, of the 66 studies that have been analyzed, there is only one study that examined the consistency of mental model in mastering the chemistry concept which is conducted by Zarkadis, Papageorgiou, and Stamovlasis [62] . Kwen[63] confirmed, by consistency means the common application of conceptualization or framework to explain a number of related contexts, thus, from an educational point of view demonstrating a conceptual understanding of underlying scientific ideas. The results of the study discussed in terms of between and within consistency, whereas the conclusions contribute to the debate concerning the coherent vs. fragmented knowledge hypotheses. The empirical evidence provided by the analysis clearly demonstrates that student mental models for chemistry concepts, especially for the atomic structure were not coherent when applying in different everyday situations. From the analysis of this study, the last aim code obtained is 'Explain the consistency of mental models'.
The fact is that the mental model studies frequently used qualitative methods (see Table 2 ), because these methods may be regarded as more appropriate to explore the mental model, especially in chemistry concepts. Furthermore, a close numerical relationship between quantitative and qualitative research designs may result from their research which aims to investigate the mental model development with different interventions, for example the most frequently used design was experimental. Few mental model studies which used mix methods, it is possible because of many requirements and workloads, from data collection process which must use several tools and data analysis process which need in-depth analysis and data triangulation technique. Also, the lowest number of the mental model studies is R & D method which may not be right to explore mental model. Unfortunately, from 66 studies there were still many studies that did not explain the design explicitly, so it cannot be known clearly about the spread of the design of each study. The next fact is the most mental model studies involved students, both high school and university students (see Table 3 ). This is caused by the relationship between university students who will later be involved in the chemistry teaching process in high school. But, it seems this is not right on target sample because the university students involved were not chemistry educational program students. There is no mistake of involving them, but it will be better if more studies are involved chemistry educational program students as samples because they are pre-service teachers who will be directly involved in chemistry learning in the school. All of these because of the mental model development cannot be separated from the teacher's role. As suggested by Nahum, Hofstein, Mamlok-Naaman, and Bar-Dov [16] , teachers have to facilitate the students' mental model development and ensure that students do not develop unscientific mental model, so that students' understanding of chemistry concepts can be improved.
As presented in Table 4 , the mental model studies mostly exploited with interview protocols and open-ended questions. Most of the interview protocols in qualitative research, because it may become the right tool for collecting data in mental model studies. From the interview process, the participants can represent chemistry concepts verbally. Each interview process is usually accompanied by an audio-video recording process. In addition, many open-ended questions have been used for mental model researches. From these tools, participants can get answers that are illustrated through drawings, diagrams, maps, and another. Besides using questions with open types, mental models were also explored through questions in multiple-choices and diagnostic tests form. Then, there were other data collection tools which were used several times in mental model researches, including questionnaire, drawing test, rubric, observation sheet, worksheet, scale, card, written text, textbooks, and another alternative summaries tool. All data collection tools mentioned above, each has advantages and disadvantages, therefore there were many mental model types of researches that used multiple data collection tool in one study, this is intended to enrich the data.
The highest frequency of the mental model studies is used qualitative data analysis (see Table 5 ), especially coding analysis. This is in accordance with many studies that aimed to explore mental models and then classify them through the coding process. Based on the coding results that have been obtained, then a lot of research continues the process of data analysis through the description process. This description process turns out to be able to use qualitative techniques, it can also be done through quantitative, namely through descriptive statistics. However, from 88 data analysis techniques that have been presented, there were only 27 quantitative data analysis techniques that were spread evenly through the t-test, Wilcoxon test, ANOVA, ANCOVA, MANOVA, Regression, Kruskal Wallis Test, LCA (Latent Class Analysis), Fisher's exact test, Two-tailed, Pearson correlation, and inferential statistics. The rest, other mental model studies were chosen alternative scoring keys techniques to process the data that have been obtained. All data analysis techniques carried out must have been adapted to the data collection tools used and the forms of data obtained. For example, only one study that used LCA (Latent Class Analysis) technique to analyze the consistency of atomic structure mental model Zarkadis, Papageorgiou, andStamovlasis[62] . Because of this LCA technique is the most effective clustering method to concern the consistency of knowledge and mental model, comprise the categorization of certain mental models on the basis of their patterns of responses [64] [65] [66] .
Most frequency of mental model studies examined inorganic chemistry concepts. From 66 studies, there were 31 studies discussed them. The most inorganic chemistry concepts studied was atomic structure concept. Park, Light, Swarat, and Denise [21] had reasons why they took atomic structure concept, because the atom is a threshold concept in science and its concepts are abstract, so the way to teach and learn about the atomic theory must be well considered. The next most chemistry concept studied by Taber and Coll[67] was chemical bonding, because chemical bonding is one of the most important topics taught in chemistry at high school level and this topic is dominated by the use of models. In addition, study by Özmen [68] understanding bonding in chemistry is particularly important since further learning relies heavily upon it. Such as research conducted by Vladušić, Bucat, and Ožić[69] choose the concept of chemical bonding because students were vulnerable to using alternative concepts in representing this concept. The third most chemistry concept studied was the rate of reaction. Some studies gave the reasons that there were some problems have been reported when teaching students about the rate of reaction concepts [34, 70, 71] . In addition, the rate of reaction has abstract concept, but according to Wiyarsi, Sutrisno and Rohaeti[72] , the abstractness of chemistry concept can be represented through multiple representation levels, i.e. macroscopic, microscopic, symbolic, and mathematics.
The mental model studies under investigation mostly encouraged by Johnson-Laird [15] mental model theory (see Table 7 ). Based on that theory, the mental model has important role used to understand the underlying source of misconceptions and learners' reasoning patterns. Therefore, many mental model studies have been analyzed aimed to investigate the relationship between misconception of the chemistry concepts and mental models. When constructing mental model of a system, an individual creates mental entities that represent perceived or conceived entities of the system and establishes their properties, relationships, behaviors or functions. Johnstone [2] added even more that when describing chemistry phenomena, chemists generally present concepts at three levels of knowledge representation: the macroscopic, sub-microscopic, and symbolic levels. Hence, there were some mental model studies that intended to investigate the factors that contributed to mental model shaping, especially in multiple representations competences.
The most mental model studies recommended several implications to do innovative classroom practices and to do further researches. These recommendations were submitted because the researches that have done hope that there will be improvements for further research. In addition, given that learning activities in the classroom are directly related to the mental model shaping, innovation is needed. In this case, the role of teachers and students, curriculum, learning media are needed. On curriculum policy improvement, proper policies are needed from curriculum formers. In achieving this goal, they make collaboration with the teachers and students, because the subject of the curriculum and they are directly involved in the impact of curriculum implementation. Likewise in learning media innovation is also needed practitioners like expert developers who are professional in technology developing and mastering the chemistry concepts.
Conclusions
A total of 66 academic mental models in chemistry studies consisting of articles which published in national and international journals were investigated with regard to their aims, methods, samples, data collection tool, data analysis tools, chemistry concepts, mental model theories, and recommendations of the studies. The result of this research is that qualitative studies with the various design were adopted more in these studies. These studies were also enriched with the role of the sample involved diverse.
In addition, the diversity of the data collection tools and data analysis techniques can increase our knowledge in world research. From the mental model studies analyzed that have been done, we know that it turned out that all chemistry concepts can be examined by mental models and of course these studies were supported by various mental model theoretical from various experts. All of the diversity of these studies was carried out to various aims achievement well.
Recommendations
Provided general knowledge claims of the mental model in chemistry studies, this research implies the following recommendations: 1. The perspectives of mental model studies which specifically discussing consistency are still limited.
In addition, exploration needs to be conducted to maintain the consistency of scientific mental models, especially in chemistry concepts. 2. During this time, most mental model studies have been carried out using qualitative methods. This is logic because the mental model is delivered descriptively. Qualitative methods that often done were content analysis and descriptive but actually content analysis is better because there is in-depth coding while descriptive is only explained. For further research, if the researcher wants to explain the chemistry concept mental model more in-depth then it is recommended to use content analysis design. In addition, there is no harm if further research is done by combining quantitative research in it so that the type of mixed-method more applicable. 3. To date, the dominant sample involved in mental model studies is students, especially non-educational chemistry university students. As a suggestion, the mental model studies involving educational chemistry students should be multiplied. Because they will be facilitators and influence directly on students' mental model development in chemistry learning. 4. Various mental model data collection tools have been used. This can be an inspiration for further research to use several data collection tools at the same time in one study, in order to obtain more comprehensive findings. 5. Accuracy is needed in analyzing mental model research data because each type of research has data analysis techniques that are exactly done. This is objected to making the data which have been obtained can be handled properly. 6. Indeed there have been many chemistry concepts that have been studied by mental model, but all concepts in chemistry needed to be registered so that mental model studies of those concepts can be carried out. 7. So far, mental model studies have only used old mental model theories. Therefore, renewal of mental model theory is needed, especially in chemistry education. 8. One of the characteristics of good research is research that recommends something for a good future. Based on the mental model studies that have been analyzed, there are still an amount of studies that have not implicated this. Therefore, this is a concern for further research.
